Representatives of the family Rhodobacteraceae are classified under the class Alphaproteobacteria, phylum Proteobacteria (Garrity et al., 2005) . Several strains of the Rhodobacteraceae have been isolated and described from various marine environments (Lafay et al., 1995; Ruiz-Ponte et al., 1998; Uchino et al., 1998; Schaefer et al., 2002; Martens et al., 2006; Yoon et al., 2007 Yoon et al., , 2009 Harwati et al., 2009; Tan et al., 2009; Iwaki et al., 2013) . Photosynthetic species such as Roseovarius tolerans and Roseivivax halodurans have been characterized from saline/hypersaline lakes (Labrenz et al., 1999; Suzuki et al., 1999) . Members of the Rhodobacteraceae are morphologically and metabolically heterogeneous. For example, Roseovarius tolerans is a budding bacterium (Labrenz et al., 1999) and Lutimaribacter litoralis is a pleomorphic species (Yoon et al., 2009) , whereas Ruegeria atlantica can form unusual star-shaped aggregates (Rüger & Höfle, 1992; Uchino et al., 1998) . Tropicibacter naphthalenivorans can metabolize polycyclic aromatic hydrocarbons (Harwati et al., 2009) , Lutimaribacter litoralis can degrade cyclohexylacetate (Iwaki et al., 2013) and Leisingera methylohalidivorans can assimilate and grow on methyl bromide (Schaefer et al., 2002) . The IP: 54.70.40.11
On: Tue, 05 Mar 2019 20:24:54 number of genera belonging to the family Rhodobacteraceae has increased steadily through descriptions of novel genera as well as several reclassifications (Uchino et al., 1998; Martens et al., 2006; Iwaki et al., 2013) .
The genus Donghicola of the family Rhodobacteraceae was established by Yoon et al. (2007) while characterizing Donghicola eburneus SW-277 T , a bacterial strain isolated from seawater off Korea. Subsequently, Tan et al. (2009) described Donghicola xiamenensis, the type strain of which was isolated from seawater of the Taiwan Strait, China. These two strains were characterized as Gram-negative aerobic rods that lacked bacteriochlorophylls. In this study, the taxonomic status of a marine bacterial strain designated CC-AMW-E T , which shared very high 16S rRNA gene sequence similarity to the type strain of the type species of the genus Donghicola (D. eburneus SW-277 T ), was evaluated through a polyphasic approach.
While investigating the bacterial flora of the ocean, strain CC-AMW-E T was isolated from surface seawater collected at Kending, Taiwan, on 5 September 2012. The seawater sample was subjected to a standard dilution-to-extinction plating technique using marine agar 2216 (MA; BD Difco) (30 u C, 48-96 h). An ivory-coloured colony of strain CC-AMW-E T was isolated, purified and preserved in marine broth (MB; BD Difco) supplemented with 20 % (v/v) glycerol at 280 u C. Taxonomic investigations were carried out according to previously published guidelines (Tindall et al., 2010) . The type strains of the two species of the genus Donghicola [D. eburneus JCM 13604 T (the type species; Yoon et al., 2007) and D. xiamenensis LMG 24574 T (Tan et al., 2009) ] and of the type species of the genus Roseovarius (Roseovarius tolerans DSM 11457 T ; Labrenz et al., 1999) were used for direct comparative taxonomic analysis. All four strains were cultured by using MA or MB for 48-72 h at 30 u C, unless specified otherwise.
Genomic DNA of strain CC-AMW-E T was isolated by using an UltraClean Microbial Genomic DNA Isolation kit (MO BIO) by following the manufacturer's instructions. The partial 16S rRNA gene was amplified by PCR as described by Shahina et al. (2013) . Gene sequencing was performed by using the Big Dye terminator kit (Heiner et al., 1998) and an automatic DNA sequencer (ABI PRISM 310; Applied Biosystems) (Watts & MacBeath, 2001) . Sequence fragments were then assembled using the Fragment Assembly System program from the Wisconsin Package (GCG, 1995) . Sequence similarity values were computed using the BLAST (Altschul et al., 1990) search program of EzTaxon-e (Kim et al., 2012) . Sequence data were analysed by using MEGA version 5.0 (Tamura et al., 2011) , after multiple alignment by CLUSTAL_X (Thompson et al., 1997) . A distance matrix method (distance options according to Kimura's two-parameter model; Kimura, 1980) including clustering by neighbour-joining (Saitou & Nei, 1987) , a discrete character-based maximum-parsimony method (Fitch, 1971 ) and the maximum -likelihood method (Felsenstein, 1981) were used. The topologies of trees were evaluated by using the bootstrap resampling method based on 1000 replications (Felsenstein, 1985) .
The length of the amplified 16S rRNA gene of strain CC-AMW-E T was 1423 bp. Strain CC-AMW-E T shared 95.7 and 93.9 % sequence similarity with the type strains of the type species of the genera Donghicola (D. eburneus SW-277 T ) and Roseovarius (Roseovarius tolerans EL-172 T ), respectively. Strain CC-AMW-E T shared the highest 16S rRNA gene sequence similarity with Roseovarius pacificus 2-81 T (96.6 %) and D. xiamenensis Y-2 T (96.4 %). In the neighbour-joining phylogenetic tree, strain CC-AMW-E T formed a distinct phyletic lineage associated with D. xiamenensis Y-2 T ; however, the poor bootstrap support of this node (,48 %) indicated the phylogenetic instability of the novel strain with respect to the latter (Fig. 1) . Similarly, Roseovarius tolerans EL-172 T inhabited a distant phylogenetic neighbourhood compared with strain CC-AMW-E T and Roseovarius pacificus 2-81 T . Roseovarius pacificus 2-81 T formed a separate and strong phyletic cluster with Roseovarius halotolerans HJ50 T , Roseovarius indicus B108 T and Roseovarius litoreus GSW-M15 T . These four strains shared 16S rRNA gene sequence similarity of 96.1-94.9 and 95.2-94.4 % with strain CC-AMW-E T and Roseovarius tolerans EL-172 T , respectively. Similarly, D. eburneus SW-277 T also formed a separate phyletic lineage distantly associated with the above listed species. The phylogenetic uniqueness of strain CC-AMW-E T when compared with the type species of Donghicola and Roseovarius and the distinct clustering of Roseovarius pacificus 2-81 T with Roseovarius halotolerans HJ50 T , Roseovarius indicus B108 T and Roseovarius litoreus GSW-M15 T was conserved in maximum-parsimony and maximum-likelihood trees, as shown in Figs S1 and S2 (available in the online Supplementary Material). Thus, it is possible that these four members of the genus Roseovarius (Roseovarius pacificus 2-81 T , Roseovarius halotolerans HJ50 T , Roseovarius indicus B108 T and Roseovarius litoreus GSW-M15 T ) might have been misclassified and require taxonomic reassessment. Nonetheless, the present study revealed the distinct taxonomic positions of strain CC-AMW-E T and D. xiamenensis Y-2 T . Therefore, we selected D. xiamenensis Y-2 T and the type strains of the type species of the genera Roseovarius and Donghicola for comparative taxonomic study.
The following phenotypic tests were carried out exclusively on the novel strain. Colonies were examined for morphological features such as appearance, size, shape, texture and pigmentation. The presence of endospores was assessed by phase-contrast microscopy (model A3000; Zeiss) after malachite green staining (Smibert & Krieg, 1994) of cells grown on MA for 7 days. Cell morphology, including the presence of flagella, was examined by placing cells (1-2 days old) on a carbon-coated copper grid followed by staining with 0.2 % uranyl acetate for 5-10 s, brief airdrying and observation under a transmission electron microscope (JEOL JEM-1400). Gram staining was performed according to Murray et al. (1994) . Live cells were stained with a LIVE BacLight Bacterial Gram Stain kit to investigate the cell structure, associated vesicles and gliding motility. Gliding motility was investigated by a hangingdrop method according to Bernardet et al. (2002) , but using a fluorescence microscope (model A3000; Zeiss). Growth under anaerobic conditions was tested using MA or MA supplemented with 0.1 % (w/v) KNO 3 by incubating culture plates in an anaerobic chamber (COY). The novel strain was inoculated in the API 50 CH strip (bioMérieux) and Biolog GN2 MicroPlate according to the manufacturers' instructions, except that the cell suspension was prepared in sterile 3.2 % (w/v) sea salt (Sigma) solution. Results were recorded after 5 days of incubation at 30 u C.
Tropicibacter The following phenotypic tests were carried out on all four strains. Growth was tested on nutrient agar (NA; Himedia), tryptic soy agar (TSA; BD Difco) and R2A agar (Oxoid). Activities of catalase and oxidase and hydrolysis of starch, egg yolk, Tweens 20 and 80, casein (skimmed milk), colloidal chitin, CM-cellulose, xylan, L-tyrosine and DNA were tested as described previously (Hameed et al., 2014) . The requirement for NaCl was tested using nutrient broth (NB; Himedia) and R2A agar supplemented with 0-10 % (w/v) NaCl (at 1 % intervals). The pH range for growth was determined in MB that was adjusted before sterilization to pH 4.0-10.0 (at 1.0 pH unit intervals) using appropriate buffers . Growth at 10, 20, 25, 30, 37, 40, 45, 50 and 55 u C was tested in MB after 72 h of incubation. Bacterial cell suspensions supplemented with 3.2 % (w/v) sea salts were inoculated in API 20 NE and API ZYM strips (bioMérieux). Results were recorded after 3 days of incubation at 30 u C.
The phenotypic characteristics of strain CC-AMW-E T are shown in Figs S3 and S4 and in the genus and species descriptions. Cells of strain CC-AMW-E T were rod-shaped, usually occurring in pairs or as filamentous forms that occasionally displayed an unusual vesicle associated with the terminal cell, connected through a stalk. Features that distinguished strain CC-AMW-E T from the type strains of species of closely related genera are given in Table 1 .
For cellular fatty acid analysis, fatty acid methyl esters of all four strains were extracted from cells cultivated on MA at 30 u C for 3-4 days. Cell samples were harvested during the exponential growth phase and subjected to saponification, methylation and extraction as described previously (Kämpfer & Kroppenstedt, 1996) followed by gas chromatography (model 7890A; Agilent). Peaks were automatically integrated and fatty acid names and percentages were determined using the Microbial Identification Standard software package MIDI (version 6) (Sasser, 1990) by adopting the database RTSBA6.
The predominant fatty acids in strain CC-AMW-E T were C 18 : 1 v6c and/or C 18 : 1 v7c (summed feature 8; 75.6 %) followed by C 16 : 1 v6c and/or C 16 : 1 v7c (summed feature 3; 5.3 %) ( Table 2) . D. xiamenensis LMG 24574 T possessed major amounts of summed feature 8 (53.1 %) followed by C 19 : 0 cyclo v8c (11.9 %), C 16 : 0 2-OH (12.4 %), C 12 : 0 3-OH (5.8 %) and C 16 : 0 (5.7 %). Although the predominance of summed feature 8 was also observed in D. eburneus JCM 13604 T and Roseovarius tolerans DSM 11457 T , all four strains showed significant quantitative variations in the amounts of fatty acids including C 16 : 0 , C 17 : 0 , 11-methyl C 18 : 1 v7c, C 12 : 0 3-OH, C 12 : 1 3-OH, C 16 : 0 2-OH, C 19 : 0 cyclo v8c and summed feature 3.
Respiratory quinones of all four strains were extracted according to Minnikin et al. (1984) and analysed by reversedphase HPLC according to Collins (1985) with minor modifications . All four strains contained ubiquinone Q-10 as the sole respiratory quinone.
For pigment analysis, cells of strain CC-AMW-E T were cultivated in 250 ml MB for 3 days with continuous illumination (180 mmol photons m -2 s -1 ). Cells were harvested by centrifugation (10 000 r.p.m., 10 min, 4 u C) and freezedried (~8 h). Freeze-dried biomass (~70 mg) was powdered, suspended in 1.5 ml methanol, mixed thoroughly and incubated in the dark for 24 h at 4 u C. This suspension was centrifuged (10 000 r.p.m., 3 min, 4 u C) and the cellfree extract was subjected to a full-wavelength scan (325-1000 nm) using a UV-visible spectrophotometer (U-3010; Hitachi). As shown in Fig. S5 , the lack of any significant peak in the visible and infra-red wavelength region clearly indicated that strain CC-AMW-E T was unable to produce carotenoids or bacteriochlorophylls. The absorbance peak recorded at~400 nm is partly attributed to magnesium porphyrin compounds (Lafay et al., 1995) .
Polar lipids of all four strains were extracted and analysed by two-dimensional TLC (Embley & Wait, 1994) . Dragendorff's reagent was used to verify the phosphatidylcholine (PC) spot. Strains that produce sulfoquinovosyldiacylglycerol (SQDG; Lin et al., 2013) were used to confirm the SQDG spot. The polar lipid profiles of the novel strain and the three reference strains are shown in Fig. 2 . Strain CC-AMW-E T contained major amounts of diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE), PC and an unidentified aminolipid (AL1). In addition, moderate amounts of an unidentified lipid (L1) and a trace amount of an unidentified phospholipid (PL1) were also found. In contrast, D. eburneus JCM 13604 T possessed major amounts of an unidentified phospholipid (PL2), two unidentified aminolipids (AL1-2), PE, PG and PC. In addition, moderate amounts of SQDG and an unidentified lipid (L2) and trace amounts of an unidentified phospholipid (PL3), an unidentified aminolipid (AL3) and four unidentified lipids (L4-L7) were also found. D. xiamenensis LMG 24574 T possessed major amounts of DPG, PG, PC and two unidentified aminolipids (AL1-2), moderate amounts of an unidentified lipid (L2) and trace amounts of PE and three unidentified lipids (L1, L3 and L4). Roseovarius tolerans DSM 11457 T contained major amounts of DPG, PG, PC, PE, two unidentified aminolipids (AL1 and AL3) and two unidentified lipids (L1 and L8) and trace amounts of two unidentified phospholipids (PL2 and PL3) and two unidentified lipids (L2 and L4). The polar lipid pattern of Roseovarius tolerans DSM 11457 T was almost identical to the data reported previously by Labrenz et al. (1999) .
The absence of DPG and the presence of SQDG, PL2 and several unidentified lipids (L5-L7) were key features of D. eburneus JCM 13604 T that distinguished it from the other three strains. Strain CC-AMW-E T clearly differed from D. xiamenensis LMG 24574 T as the former lacked AL2, which was predominant in the latter, possessed major amounts of PE, which was found in trace amounts in the latter, and lacked L2-L4, which were found in moderate to trace amounts in the latter. Strain CC-AMW-E T also clearly differed from Roseovarius tolerans DSM 11457 T as the former lacked L8 and AL3, which were found in major amounts in the latter, and two unidentified phospholipids (PL2-3) and two unidentified lipids (L2 and L4) that were found in moderate to trace amounts in the latter. Taken together, the polar lipid data presented here distinguished all four strains unambiguously from each other.
For the determination of the genomic DNA G+C content, genomic DNA of strain CC-AMW-E T was subjected to thermal denaturation followed by enzymic digestion into nucleosides as described previously (Mesbah et al., 1989) . The resultant nucleoside mixture was separated and quantified by reversed-phase HPLC according to Mesbah et al. (1989) with minor modifications . The genomic DNA G+C content of strain CC-AMW-E T was 67.9 mol%, which was slightly higher than that of the reference strains used in this study (Table 1) . The description is according to Yoon et al. (2007) with the following amendments. The polar lipid profile contains major amounts of PE, PG, PC, two unidentified aminolipids and an unidentified phospholipid and moderate amounts of SQDG and an unidentified lipid. In addition, four unidentified lipids, an unidentified phospholipid and an unidentified aminolipid may be present in trace amounts.
Description of Pseudodonghicola gen. nov.
Pseudodonghicola (Pseu.do.dong.hi9co.la. Gr. adj. pseudês false; N.L. masc. n. Donghicola a bacterial genus name; N.L. masc. n. Pseudodonghicola the false Donghicola).
Ubiquinone Q-10 is the sole respiratory quinone. The polar lipid profile contains major amounts of DPG, PG, PC and two unidentified aminolipids and moderate amounts of an unidentified lipid. The type species is Pseudodonghicola xiamenensis. Montero-Calasanz et al. (2013) , summed features are groups of two or three fatty acids that are treated together for the purpose of evaluation in the MIDI system and include both peaks with discrete equivalent chain-lengths (ECL) as well as those where the ECLs are not reported separately. Summed feature 3 was listed as C 16 : 1 v6c and/or C 16 : 1 v7c; summed feature 8 was listed as C 18 : 1 v6c and/or C 18 : 1 v7c. On: Tue, 05 Mar 2019 20:24:54 L-tyrosine, colloidal chitin, xylan, CM-cellulose and Tween 80. In the API 20 NE strip, positive for activities of arginine dihydrolase and urease and assimilation of adipic acid, malic acid, trisodium citrate and phenylacetic acid. Weakly positive for assimilation of capric acid. Negative for nitrate reduction, indole production, fermentation of D-glucose, hydrolysis of aesculin, gelatin and p-nitrophenyl b-Dgalactopyranoside and assimilation of D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetylglucosamine, maltose and potassium gluconate. In the API ZYM strip, positive for activities of alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase, weakly positive for activities of lipase (C14) and cystine arylamidase and negative for activities of trypsin, achymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. In addition to the polar lipids listed for the genus, trace amounts of PE and three unidentified lipids are present.
Description of
The type strain is Y-2 T (5MCCC 1A00107 T 5LMG 24574 T 5CGMCC 1.7081 T ).
Description of Youngimonas gen. nov.
Youngimonas (Youn.gi.mo9nas. Gr. fem. n. monas a unit, monad; N.L. fem. n. Youngimonas a monad named after Chiu-Chung Young, a Taiwanese microbiologist).
Cells are Gram-staining-negative, strictly aerobic, nonspore-forming, chemoheterotrophic and mesophilic. Carotenoid pigments and bacteriochlorophylls are absent. The predominant fatty acid is summed feature 8 (C 18 : 1 v6c and/or C 18 : 1 v7c). Major polar lipids are DPG, PG, PC, PE and an unidentified aminolipid. The sole respiratory quinone is ubiquinone Q-10. The DNA G+C content of the type strain of the type species is 67.9 mol%. As determined by 16S rRNA gene sequence analysis, the genus Youngimonas is a member of the family Rhodobacteraceae. The type species is Youngimonas vesicularis.
Description of Youngimonas vesicularis sp. nov.
Youngimonas vesicularis (ve.si.cu.la9ris. L. fem. adj. vesicularis pertaining to a small bladder, a vesicle, referring to a vesicle structure associated with the type strain).
Displays the following properties in addition to those give for the genus. Cells are non-motile. Cells are 2.9-4.3 mm long and 0.6-0.8 mm in diameter. Cells are almost rodshaped, and are usually in pairs or filamentous (8-16 mm in length) in appearance. Filamentous cells occasionally display an unusual vesicle (1.0-2.5 mm in diameter) linked to the terminal cell through a stalk, which is 1.0-1.9 mm long. On MA, after 2-3 days of incubation at 30 u C, colonies are ivory-coloured, circular, opaque with a regular margin and 0.5-1 mm in diameter. Growth occurs at 20-37 u C (optimum 30 u C) and at pH 6.0-9.0 (optimum pH 7.0). No growth occurs on NB or R2A agar supplemented with 1-10 % (w/v) NaCl. Oxidase-positive and weakly positive for catalase activity. Negative for DNase activity, hydrolysis of L-tyrosine, casein, starch, colloidal chitin, xylan, CM-cellulose, egg yolk and Tweens 20 and 80 and growth on TSA. In the API 20 NE strip, positive for hydrolysis of aesculin and assimilation of potassium gluconate and weakly positive for hydrolysis of gelatin. Negative for nitrate reduction, indole production, fermentation of glucose, activities of arginine dihydrolase and urease, hydrolysis of p-nitrophenyl b-D-galactopyranoside and assimilation of D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetylglucosamine, maltose, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid. In the API ZYM strip, positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), a-chymotrypsin, acid phosphatase and naphthol-AS-BI-phosphohydrolase, weakly positive for leucine arylamidase and negative for lipase (C14), valine arylamidase, cystine arylamidase, trypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. In the Biolog GN2 MicroPlate, positive for oxidation of dextrin, N-acetyl-D-galactosamine, N-acetyl-D-glucosamine, L-arabinose, Darabitol, i-erythritol, D-fructose, L-fucose, a-D-glucose, myo-inositol, lactose, lactulose, D-mannitol, melibiose, Lrhamnose, sucrose, acetic acid, formic acid, D-gluconic acid, D-glucuronic acid, b-hydroxybutyric acid, p-hydroxyphenylacetic acid, a-ketovaleric acid, malonic acid, D-saccharic acid, succinic acid, L-alaninamide, L-alanine, L-asparagine, glycyl L-glutamic acid, hydroxy-L-proline, L-phenylalanine, L-serine, L-threonine, DL-carnitine, thymidine and 2,3butanediol, weakly positive for oxidation of Tween 80, adonitol, maltose, methyl b-D-glucoside, trehalose, turanose, pyruvic acid methyl ester, citric acid, D-galacturonic acid, a-hydroxybutyric acid, itaconic acid, bromosuccinic acid, succinamic acid, glucuronamide, L-aspartic acid, Lglutamic acid, L-histidine, L-proline, D-serine, a-D-glucose 1-phosphate and D-glucose 6-phosphate and negative for oxidation of the remaining 37 substrates. In the API 50 CH strip, positive for acid production from maltose and potassium 5-ketogluconate; negative for production of acid from the remaining 47 substrates. In addition to the predominant fatty acid listed for the genus, a significant amount of summed feature 3 (C 16 : 1 v6c and/or C 16 : 1 v7c) is also present. In addition to the major polar lipids listed for the genus, a moderate amount of an unidentified lipid and trace amounts of an unidentified phospholipid are also present.
The type strain is CC-AMW-E T (5JCM 18819 T 5BCRC 80549 T ), isolated from surface seawater off Kending, Taiwan. 
